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Abstract: Marsh wetlands in northern China play an important role in controlling water resource supply, mitigating soil
erosion, and curbing grassland desertification. Tt is of great significance to clarify the species composition and diversity
characteristics of these plant communities to improve their ecosystem service function. However, few studies have been
conducted to investigate large—scale wetland vegetation in northern China. Soil moisture is one of the leading environmental
factors driving the development of plant communities. In this study, we aimed to understand the characteristics of plant
communities and key drivers of seven typical marsh wetlands in northern China. The relationship between the species

composition, diversity characteristics and environmental factors, and the distribution characteristics of clonal species of
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plant communities under low and high soil moisture conditions of these wetlands were compared. The enfluences of
environmental factors on community characteristics and distribution characteristics of clonal species were analyzed. The
results showed that the species composition and diversity of plant communities among these marsh wetlands were significantly
different, but there was no obviously zonal distribution pattern. In these marsh wetlands, the species distribution was
regional. The species diversity of the communities was influenced by combination of the environmental factors, such as
precipitation, temperature, and soil nutrients. The species composition and diversity of plant communities in marsh wetlands
differed significantly between high and low soil moisture conditions. The species diversity indices of plant communities under
low soil moisture condition were significantly higher than those under high soil moisture condition. The redundancy analyses
of species diversity and environmental factors showed that environmental factors at low soil moisture conditions explained 98.
96% of the variation in species diversity, which was mainly influenced by precipitation and total nitrogen, while
environmental factors at high soil moisture conditions explained 99.02% of the variation in species diversity, which was
mainly influenced by temperature and total phosphorus. The number and coverage of clonal plant species accounted for a
high proportion in marsh wetland plants under high soil moisture condition, indicating that clonal species were more
adaptable to high soil moisture condition than non-clonal species. The results indicated the regional distribution
characteristics of marsh wetland vegetation in northern China and the main influences by precipitation and temperature. With
the increase of soil moisture, the diversity of plant communities decreased, but the importance of clonal plants increased.
Therefore, future changes in precipitation and temperature may further influence the composition and diversity

characteristics of vegetation in the region.

Key Words: marsh wetland; plant community; species composition; diversity characteristics; clonal plant
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Table 1 Environmental indices of seven typical marsh wetlands in northern China

HEERH iz 2 MR REC AERREmE FME RomiRRE BdTiRRE
Marsh wetlands Latitude/E Longitude/N PDays/d MAP/mm MAT/C Tmax/C Tmin/C
T i [X 1
Eiiﬂ[:.?ﬂfﬂ 110°18'30" 35°2'38" 126 907.4 7.2 26.5 -22.7
Wetlands in Tongguan area
il i [X \“I:l
(ﬂ(%lﬁz[:.ﬂkﬂﬂ .. 110°32'15" 35°30'7" 82 605.8 14.9 39.0 -12.4
Wetlands in Hejin area
LT i 15 R 3!
/IW{—%;LE{D“E%& . 109°54'41" 39°7'22" 78 476.9 8.0 324 -22.7
Hongjiannao Tuwei River
3 T 1

JTiJ?nule 119°29'19" 45°53'58" 73 452.8 7.1 37.3 -25.4
Ulagai Wetland

N /—»:“\c\
ﬂ’/]\.(L B 121°57'1" 45°8'28" 73 526.2 7.9 38.3 -23.4
Horqin Wetland

95 A3

R 114°48'39"  43°16/41" 96 567.9 3.0 35.1 -33.9
Chagan Nur Wetland
e B A3
S 116°43'19" 43°14'56" 98 926.9 2.8 36.4 -34.4

Dalinore Wetland
PDays;F&ﬂ(f’ﬁ[ Precipitation days;MAP;ﬁEFﬁ%ﬂ(E Mean annual precipitation;MAT;ﬁ‘:i@ﬁ Mean annual temperature;Tmax;ﬁ%‘FﬂEﬁﬁ Maximum

temperature ; Tmin ; AR Minimum temperature
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Fig.1 Location of the seven typical marsh wetlands in northern China selected for the study
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Corp,. Armonk, NY, USA)#17, DAFREEIR ¥ Al i, ARSIV 20 FE 1 45 HI0RT v b 5 Al s B ) 2 2
e A A & i Canoco 5.12 42 ( Micro Power,. NY, USA) #477043 70 HT ( Redundancy analysis, RDA) .

2 R

2.1 THPETHUE DI YA A O Z2 R PR

ANFAFEE A P RS A RN e S W 2 (36 2) o AR UK 23 T AN [V R AR P 1 ol 0 v R
(RS E S SIS I RSV 87 7 NLT R LTS VA LT | R (05 A PSR VR CIRE 8 NPT (W s R VT 8: L EAR - RSy == Tl
b ; 5 3K 43 AN [R]VR R AR ) ) A B8O e B AR IR Ay S e Wt R U0 T | YR DG Ml X0 | Tl
M DX 2k B /K I £LR0 T R T R R A s R IR, IR KA T R REE DA B AR T
K T RIREL, A AR K NI Tz A (R 2) o AEREHEK Y T MR A S e, O
T ( Typha orientalis ) Fl =555 ( Cyperus orthostachyus ) ; 75 i £ E/K 43T, 225 0 B 2 & 5, OB+ 5¢F
( Calamagrostis epigeios) o [A]—THPERRHIL 1 I - 37K 70 THE Y IEVE 9 P b 2H i 22 57 I (3R 2) o TG HE
DX W M APR I v 380K 43 S EERO S R RN (>0.1) 435 8 725 =5 BT 4856 ( Symphyotrichum subulatum ) 755
FFK ( Miscanthus sacchariflorus) B3 75 BT 58568 . IKE ( Persicaria hydropiper) T ] DX A N R
HEK 5y~ H AR R BRI 02 5 2 8L Echinochloa crus-galli) (A ARG 2850 7 25 Bl 555 B 20
i 9 S T 2 AT R 2 3K A T B RS R A R R 2 XU 3 (Saussurea japonica) | 1A
& (Artemisia lactiflora) T 576 ;8 A /R IR OGRS 580K 0 F B2 RS YR o 5 i+ =5
H4EH (Plantago asiatica) 7% FEJT ( Cicuta virosa) | =585 ; A5 1150 R MR AN = L8 K 73 T H 2 B0 1Y
Y30 23 | B R (Ranunculus japonicus ) Fl = H2 8 25 | =408 BLR IO MK A S 3K T HEZEH
B IR R 15 (Imperata cylindrica) F1ZE5 ( Leymus chinensis) 5 247 55 15 MK AT 38K 40 EZE R
1= B Rl 43500 A AT ( Sanguisorba officinalis) 7525 $bFF AT b F3F ik =5 KE(E2),

2 TAHLEFRBBFEMSHEIFEKRS TEYHEYHARREER
Table 2 Species composition and species important values of plant communities under low and high soil moisture in seven typical marsh
wetlands distributed in northern China

BRI R/ YRR VIR E

Marsh wetlands Soil moisture  Species number  Species importance value

PR (0.30) SEE4E5E (0.26) > *(0.17) >3k ¥ (0.12) >7K 2 (0.09) > fi 2
(0.02)= K2EF(0.02) >E8] (0.01)

i 8 Phragmites australis ™ (0.30) >Symphyotrichum subulatum (0.26) >Typha orientalis *
(0.17) > Miscanthus sacchariflorus ™ (0.12) > Persicaria hydropiper (0.09) > Setaria
viridis (0.02)=Echinochloa caudata (0.02) >Eclipta prostrata (0.01)
T (0.30) >3 7 (0.28) >HM- 4556 (0.18) >/KZL(0.15) >3k ™ (0.04) >H 5%
(0.03) >fi#fi7 (0.01)= T~ (0.01)

1= 8 Typha orientalis ™ (0.30) > Phragmites australis™ (0.28) > Symphyotrichum subulatum
(0.18) > Persicaria hydropiper (0.15) > Miscanthus sacchariflorus* (0.04) > Lycopus
lucidus * (0.03) > Eclipta prostrata (0.01)= Cyperus rotundus* (0.01)

P (0.29) >HR(0.26) >F T (0.14) SE 485 (0.13) > 71 (0.08) > /K 2
(0.06) >Ffff1-* (0.05)

(IS 7 Phragmites australis™ (0.29) > Echinochloa crus-galli (0.26) > Typha orientalis
(0.14) > Symphyotrichum subulatum (0.13) > Setaria viridis (0.08) > Setaria viridis

T O DX

Wetlands in Tongguan area

TRl DXV
Wetlands in Hejin area
Persicaria hydropiper (0.06) > Cyperus rotundus ™ (0.05)

P (0.51) >EFMEE5E (0.21) >F(0.11) >F 3 * (0.07) >FMTF* (0.06) >
R (0.04)

Phragmites australis * (0.51) > Symphyotrichum subulatum (0.21)> Echinochloa crus-

peiid
(=)}

galli (0.11)> Typha orientalis* (0.07) > Cyperus rotundus ™ (0.06) >Schoenoplectus
triqueter " (0.04)
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TRER +HOK G LRk YR E

Marsh wetlands

Soil moisture

Species number

Species importance value

EART S5 A TR

Hongjiannao Tuwei River

5 HLR R

Dalinore Wetland

Eoa LY ]
Chagan Nur Wetland

BRIl
Horgin Wetland

R AR
Ulagai Wetland

{[iS

I

{8

I

(i3

I

{8

{[iS

12

10

P (0.36) >FH T (0.27) >KEAH (0.14) > ALHE * (0.10) = Fili * (0.10)
>T3% (0.02)

Phragmites australis * (0.36) >Calamagrostis epigeios * (0.27) >Saussurea japonica (0.14)>
Artemisia lactiflora ™ (0.10)= Typha orientalis * (0.10) >Suaeda glauca (0.02)

F2E 7 (0.81) > (0.15) 235 % (0.05)

Phragmites australis ™ (0.81) > Typha orientalis * (0.15) >Eleocharis dulcis * (0.05)
PhFE (0.31) >3 7 (0.25) >HEH7(0.10) >HIAF(0.08)= 43" (0.08) > =455 "
(0.05)>HEFAE ™ (0.04) >4 (0.02) >IBHIRHL(0.01)= B (0.01)= HEEH(0.01)
= FEH(001)= FRHR" (0.01)= FARER(001)= FEFF(0.01)

Calamagrostis epigeios™ (0.31) > Phragmites australis* (0.25) > Plantago asiatica
(0.10) > Lespedeza bicolor (0. 08) = Imperata cylindrica™ (0. 08 ) > Cyperus
orthostachyus * (0.05) >Inula japonica * (0.04) >Lactuca indica (0.02) >Kummerowia
striata (10.01) = Ranunculus japonicus™ ( 0.01) = Parnassia palustris (0.01) =

Artemisia selengensi ( 0.01) = Argentina anserina™ ( 0.01) = Melilotus officinalis
(0.01) = Swertia bimaculata (0.01)

P (0.56) ST (0.27) > =4 R (0.14) >HAT * (0.02) >BFH * (0.01) =
KZ(0.01)

Phragmites australis * (0.56) >Cicuta virosa * (0.27) > Cyperus orthostachyu ™ (0.14) >

Mentha canadensis * (0.02) >Calamagrostis epigeios ™ ( 0.01) = Persicaria hydropiper
(0.01)

P (0.42) > E " (0.33) > =4 R (0.14) SHRAK * (0.09) >PEAAFIIE (0.03) >
AHE(0.01)= 7 * (0.01)

Phragmites australis * (0.42) >Ranunculus japonicus ™ (0.33) > Cyperus orthostachyu
(0.14) > Argentina anserina™ ( 0.09 ) > Knorringia sibirica ( 0.03) > Taraxacum
mongolicum (0.01)= Typha orientalis * (0.01)

B (0.71) > =5 ¢ (0.18)

Phragmites australis ™ (0.71) > Cyperus orthostachyu ™ (0.18)

FZE " (0.28) > (0.25) >55TA4(0.06) >%E(0.04) >HIAKHEL * (0.03) >H B HE
(0.02) = 1LEE * (0.02) >H i (0.01) = ZEB ™ (0.01) >885% (0.005) >3 T *
(0.004)= J%E#(0.004)

Imperata cylindrica™ (0.28 ) > Leymus chinensis* (0.25) > Campylotropis macrocarpa
(0.06) > Chenopodium album ( 0.04 ) > Capillipedium parviflorum ™ ( 0.03) > Setaria
viridis (0.02) = Allium senescens™ (0.02) >Artemisia caruifolia (0.01) = Potentilla
chinensis * (0.01) > Suaeda glauca (0.005) > Calamagrostis epigeios™ ( 0.004) =
Artemisia scoparia (0.004)

I3 * (0.37)>25 5 (0.29) >#E 3 (0.08) = 5 THI(0.08) > A * (0.07) >
AIREEL * (0.06) >ZH13F (0.03) >3 * (0.02) > KFF# (0.01)

Imperata cylindrica™ (0.37) > Leymus chinensis* (0.29) > Calamagrostis epigeios
(0.08) = Campylotropis macrocarpa (0. 08 ) > Equisetum hyemale™ ( 0. 07 ) >
Capillipedium parviflorum ™ (0.06) > Mnesithea striata (0.03)> Phragmites australis*
(0.02) >Artemisia sieversiana (0.01)

HuA(0.29) >3 * (0.28) >#h T3 * (0.27) >ZER{(0.08) > =47 * (0.03) > e
16 (0.02)= AF(0.02) >AM * (0.01)= Zit#(0.01)= mHJE(0.01)
Sanguisorba officinalis ( 0.29) > Phragmites australis® ( 0.28) > Calamagrostis
epigeios * (0.27) > Plantago asiatica (0.08) > Cyperus orthostachyu™ (0.03) > Inula
Jjaponica ™ (0.02) = Swertia bimaculata (0.02) > Equisetum hyemale™ (0.01) =
Artemisia mongolica (0.01)= Eragrostis pilosa (0.01)

P (0.36) >Hfii (0.19) > = 5 (0.17) >/K 2 (0.15) >0 JE 5 (0.04) >
27(0.03) >ARM(0.02) > AW * (0.01)= ZRF(0.01) >HERAE * (0.004)
Calamagrostis epigeios™ (0. 36 ) > Sanguisorba officinalis ( 0. 19) > Cyperus
orthostachyu ™ (0.17) > Persicaria hydropiper (0.15) > Eragrostis pilosa (0.04) >
Imperata cylindrica ™ (0.03) > Tamarix chinensis (0.02) > Equisetum hyemale ™ (0.01)
= Plantago asiatica (0.01)> Inula japonica ™ (0.004)

# 7N 1 H R e RERE ) 5 ER R K A 4 AR £ HEE KRN 15%—50% 1 50%—100%
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